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REINFORCED BEAM ASSEMBLY 

BACKGROUND OF THE INVENTION 
In various practices, particularly in the automotive industry, it is 
desirable to reinforce various beams. For example, a channel shaped beam 
having side walls joined by an intermediate wall might be used in an environ- 
ment, such as a seat belt anchor rail, wherein the interconnecting intermediate 
wall would be subject to compression. It would be desirable to provide some 
form of support or reinforcement at the compression space or wall of the beam. 
Attempts have been made, for example, to completely fill the channel with a 
foam material. Other attempts have included providing an inner member within 
the channel which is also of channel or C-shape and with a foam therebetween. 

SUMMARY OF THE INVENTION 
An object of this invention is to provide an internal reinforcement 
arrangement for a channel shaped beam. A further object of this invention 
is to provide such an internal reinforcement arrangement which includes an 
internal reinforcement member located within the channel but spaced from the 
channel walls with expandable foam therebetween. 

A still further object of this invention is to provide a method of 
reinforcing a channel shaped beam. 

In accordance with this invention a channel shaped beam includes 
an inner surface defined by side walls and an interconnecting intermediate wall. 
A reinforcement member is located within the channel with at least a portion of 
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the reinforcement member having its inner surface spaced from the inner 
surface of the beam. That portion of the reinforcement member is of a shape 
which includes hills and valleys and preferably is of W-shape. An expandable 
foam material is located in the spacing between the inner surface of the beam 

5 and the inner surface of the reinforcement member. The foam material 
becomes bonded to both inner surfaces upon expansion of the foam material. 

In a preferred practice of this invention the W-shape for the internal 
reinforcement member is formed by having four inclined generally vertical legs 
with each pair of legs joined by a horizontal section. A cap may be located over 

10 the beam and internal reinforcement member. In one practice of the invention 
the beam is part an anchor rail in an assembly in a vehicle for attaching seat 
belts. The cap would comprise the floor and the seat belts would be anchored 
to the floor. 

THE DRAWINGS 

15 Figure 1 is a top plan view of a portion of a vehicle which utilizes 

the reinforced beam assembly of this invention; 

Figure 2 is a cross-sectional view taken through Figure 1 along the 
line 2-2 but showing an attached seat belt; 

Figure 3 is a schematic view in elevation showing a test procedure 
20 for determining load deflection; 

Figure 4 is a cross-sectional view in elevation showing use of the 
test procedure on a reinforced beam assembly in accordance with this invention; 
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Figure 5 is a view similar to Figure 4 showing a comparative test 
procedure on a beam assembly which does not include any inner reinforcement; 
and 

Figure 6 is a graph showing comparative deflection results. 
DFTAILED DESCRIPTION 

The present invention will be described with respect to a reinforced 
beam assembly which is particularly designed to be used as part of a seat belt 
anchor rail assembly in a vehicle. It is to be understood, however, that such 
description is for exemplary purposes only. Thus, the concepts of the invention 
could be applied to other parts of a vehicle or to other objects such as aircraft, 
ships and the like wherever it is desired to provide some reinforcement, 
particularly, reinforcement of a channel-shaped beam. 

Figures 1-2 show a reinforced beam assembly 10 as used for part 
of a seat belt anchor rail assembly. As shown therein, a channel shaped beam 
12 made of any suitable material such as steel is mounted below the floor 14. 
Beam 12 may be of any suitable construction and preferably includes a pair of 
diverging side walls 16,16 interconnected by a generally horizontal intermediate 
wall 18. Side walls 16 terminate in horizontal flanges 20 which are in contact 
with floor 14 and connected to the floor in any suitable manner such as by 
spotweld 22. Floor 14 thus functions as a cap for the channel shaped beam. 

As shown in Figure 2 a seat belt 24 is secured to floor 14 by any 
suitable fastening arrangement 26 such as a nut and bolt assembly extending 
through a hole 27. As shown in Figure 1, four such holes for four fastening 
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arrangements are used to anchor the seat belt to the rail or beam 12. Beam 12 
would extend longitudinally under floor 14 and would be significantly longer than 
it is wide. The specific dimensions are not critical for an understanding of this 
invention. 

In accordance with this invention an internal reinforcing member 
28 is mounted within the channel of beam 12. Reinforcing member 28 
preferably is in a form which includes a plurality of hills and valleys. In the 
preferred practice of the invention which is illustrated in Figure 2 reinforcing 
member 28 is generally of W-shape having a pair of outwardly diverging 
generally vertical walls 30,32 with inwardly converging walls 34,36. Walls 30,34 
are joined by a generally horizontal wall 38 and similarly walls 36 and 32 are 
joined by a generally horizontal wall 40. Walls or segments 38 and 40 are 
disposed toward the intermediate connecting wall 18 of beam 12. Walls 34 and 
36 are joined by a generally horizontal wall 42 which is disposed toward and may 
be in contact with cap or floor 14. If desired, reinforcing member 28 may include 
additional generally vertical and generally horizontal walls. Similarly, if desired, 
the various inclined generally vertical walls may be connected directly to each 
other at a point rather than having intermediate horizontal sections. The 
inclusion of the horizontal sections and the shaping of the reinforcing member 
as being generally a W in the form illustrated in Figure 2, however, represents 
the preferred practice of the invention in that the inner surfaces of walls 30,38,40 
and 32 are generally parallel to the inner surface of walls 16,16 and 18 of beam 
12 to provide a generally uniform spacing between most of the reinforcement 
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member and the walls of beam 12. The inclusion of a horizontal section 42 is 
also desirable because it provides a potential for surface contact with the floor 
or cap 14. 

In the preferred practice of this invention inner reinforcing member 
28 is of uniform thickness and is preferably made of metal although other 
materials such as plastic can also be used. Depending on the desired end 
results, member 28 may be made from foil of 0.002 to 0.005 inches thick or may 
be made from sheet material from 0.006 to 0.020 inches thick or may be made 
of plate from 0.020 to 0.125 inches thick. 

Where used as part of a seat belt anchor assembly each wall or 
leg 30,32,34,36 may have a perpendicular height of 23.8 mm. The angle 
between walls 30 and 38 and between walls 32 and 40 may be 97.6° degrees 
while the angle between walls 34 and 38 and between walls 36 and 40 may be 
93°. The distance between the center line of member 28 to the outer end of wall 
30 or wall 32 may be 37.8 mm. 

As shown in Figure 2 a polymer layer 44 is bonded to portions of 
inner reinforcement member 28. Thus, reinforcement member 28 functions as 
a carrier for the polymer layer. Polymer layer 44 is preferably an expandable 
foam which would expand when activated to completely fill the space between 
the inner surface of beam 12 and the inner surface of reinforcement member 28 
and would preferably be bonded to both inner surfaces. A preferred polymer 
foam is a heat expandable foam such as described in U.S. Patent No. 5,575,526 
all of the details of which are incorporated herein by reference thereto. The 
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advantage of a heat expandable foam in connection with a vehicle beam is that 
the foam would expand when the portion of the vehicle including the beam 12 
would be subjected to heat such as by the conventional coating processes used 
in vehicle manufacture. Thus a separate heating step is not needed to activate 

5 the foam. While a heat expandable foam is preferred, the invention may be 
practiced with other types of similar foams which, however, are chemically 
activated. Thus, any suitable foam such as a thermoset and/or expandable resin 
based foam may be used in the practice of this invention. The polymer layer 44 
which is bonded to the carrier or reinforcement member 28 and to the parent 

10 member or beam 12 would be 0.08 to 0.200 inches thick when used as part of 
a seat belt anchor assembly. See, Figure 4 which shows the foam 44 com- 
pletely filling the space between the inner surfaces of beam 12 and member 28 
although Figure 4 shows the beam assembly in an inverted position for test 
purposes. 

15 Figure 3 schematically illustrates the test set up for a three point 

bend test. As shown therein, the test product T is held at its ends by support 
points P.P. A load is applied centrally between test points P,P which would 
correspond to the compression face of the test member T. Thus, for example, 
the outer surface of inter- connecting intermediate wall 18 would be the 

20 compression face of beam 12. Measurements would be taken of the amount of 
deflection in accordance with the application of loads or forces. Figure 4 
schematically illustrates the test procedure of Figure 3 used with the assembly 
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10 of this intention. Figure 5 illustrates the same test procedure used with a 
beam 12 which has no internal reinforcement. 

Figure 6 is a graph showing the deflections under different loads 
for various types of beam reinforcements. As shown therein, base line refers to 

5 the type of beam illustrated in Figure 5 having no reinforcement. Full fill refers 
to a beam completely filled, such as with a foam. C-section refers to a beam 
having an inner C-shaped or channel shaped reinforcement. Other comparisons 
are with 3mm Teracore®, 4mm Teracore® and 4mm .8 steel. Each of these 
beam conditions represent practices which are not practices of the invention. 

10 The last three tests, namely, W .8CRS, W 1 .2DF140 and W 1 .0DF140 represent 
beams which are reinforced with the invention. The dimensions are in reference 
to inches. CRS is an abbreviation for cold rolled steel. DF refers to di-form. As 
illustrated in Figure 6 the three practices of the invention require a much greater 
force to cause the same amount of deflection that results with the comparative 

15 practices. 

The invention thus provides a lightweight support to the compres- 
sion face of a beam along with the vertical sheer webs. The configuration of the 
internal reinforcement member offers more mass and a more cost efficient 
means of reinforcing a beam in bending over conventional practices such as 
20 filling a section solid with foam. 
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IN THE CLAIMS: 
A reinforced beam assembly comprising a beam having a channel 
shaped inner surface defined by side walls and an interconnecting 
intermediate wall, a reinforcement member in said beam, said 
reinforcement member being within the channel of said beam, at 
least a portion of said reinforcement member being spaced from 
said inner surface, said portion of said reinforcement member 
having an inner surface disposed toward said inner surface of said 
beam, said inner surface of said portion of said reinforcement 
member being defined by a plurality of hills and valleys, and a 
foam material located in the spacing between said inner surface 
of said beam and said inner surface of said reinforcement member 
for being bonded to said inner surface of said beam and said inner 
surface of said reinforcement member upon expansion of said 
foam material. 

In the assembly of claim 1 wherein reinforcement member is 
generally W-shaped. 

The assembly of claim 2 wherein said W-shaped reinforcement 
member includes a pair of outer generally vertical diverging legs 
disposed toward and parallel to said side walls of said beam. 
The assembly of claim 3 wherein said foam material is an expand- 
able foam which completely fills said spacing between said inner 



8 



WO 99/61289 PCT/US99/00035 



surface of said beam and said inner surface of said reinforcement 
member upon expansion of said foam material. 
5. The assembly of claim 4 wherein said portion of said reinforce- 

ment member comprises said entire reinforcement member. 
5 6. The assembly of claim 5 wherein said W-shaped reinforcement 

member includes two generally vertical inclined converging legs 
between said outer diverging legs, and each pair of adjacent legs 
being connected by a horizontal segment. 

7. The assembly of claim 6 including a cap mounted over and 
10 completely closing said channel. 

8. The assembly of claim 7 wherein said foam material is heat 
expandable. 

9. The assembly of claim 8 wherein said beam is part of a vehicle. 

1 0. The assembly of claim 9 wherein said beam and said cap and said 
15 reinforcement member are all made of metal. 

1 1 . The assembly of claim 9 wherein said beam comprises a seat belt 
anchor rail, said cap comprising the floor of said vehicle, and a 
seat belt anchored to said floor. 

12. The assembly of claim 6 wherein said reinforcement member is in 
20 the form of a foil of 0.020-0.005 inches thick. 

13. The assembly of claim 6 wherein said reinforcement member is a 
sheet having a thickness of 0.006-0.020 inches. 
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14. The assembly of claim 6 wherein said reinforcement member is a 
plate having a thickness of 0.020-0.125 inches. 

15. A method of reinforcing a beam assembly comprising providing a 
channel shaped beam having an inner surface defined by side 

5 walls and an inter connecting intermediate wall, mounting a 



reinforcement member of generally W-shape within the channel of 
the beam and with an expandable foam material bonded to the 
reinforcement member on an inner surface of the reinforcement 
member disposed toward the inner surface of the channel of the 
10 beam, and expanding the foam into intimate contact and bonding 

with the inner surface of the channel and the inner surface of the 
reinforcement member. 

16. The method of claim 1 5 including mounting a cap over the channel 
of the beam to close the channel and enclose the reinforcement 

15 member therein. 

17. The method of claim 1 6 wherein the beam is a seat belt anchor rail 
of a vehicle and the cap is the floor of the vehicle, and mounting 
a seat belt to the floor. 
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